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~�G�m��HB]K�C^N�GiIYL�pDG�NDG�L�G'mrLtCF�HB�� n�U K�C^�eB Ue\ CFB�LtpDG X ItGiK�GJB]mJG
� nl� �WL�p�C^BHLtGJI n GJItGJB]mJGiKsL�p U L \ C^GYCFB U`� B]�4��B�K ZD� K X]U mJG U B]N
��p]C�LtG�BD�HC^K�G v�� pDG�K<C^�eB UW\ Lt� � G`N�GJL�G'mrL�G'N�CuK�L�p]G X It��N Z m�L
� n�U B Z B � BD�4��B UeV�X]\ CFL Z NDG U B]N UP� B]�4��BYK�C^�eB U L Z ItG _ EeG'mrL��HI
Ltp U LAC^K�CFLtK�G \Fn K Z]��� Gim�LPL�� U NDN�CFL�C^EeG}��pDCFL�G�� UWZ KtK<C U B�BD�HC^K�G v
~�GbNDGJEeG \ � X L�pDG V}U j�C V�ZDV�\ C � G \ CFpD�h��N�G'K:LtC V}U LtGiKb�������b�.� n
LtpDG X It� �D\ G V CFB}�HItNDGJI�L�� UeXDXD\^� LtpDGQ�eGiBDGJI UW\ C^�JGiN V}U j�C V�ZDV
\ C � G \ C^pD�h�hN�L�G'K:L����S��9 � �QLt��� Z I�N�GJL�Gim�L�C^�eB X It� �D\ G V�v�� pDG
X GJI n �eI V}U B]mJGiK�� n L�p]G X It� X �HK�GiN�NDG�L�G'mrLt�eI U ItG C \F\^Z K<L�I U L�G'N
�h��V G U B]KP� n B Z]V GiI�Cum Ue\ K�C VAZD\^U L�C^�eB]K U B]N�CFL�C^KAm�� V�X¡U ItGiN
Lt��L�pDGPK<L U B]N U I+N VYU Ltm+pDG'N`K ZD� K X]U m�G�N�G�LtGim�L��eI v
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8ªB V}U B ��UWXDXD\ Cum U LtCF�HB]K}CFL�CuK�N�GiK�C^I�G'N�Lt��N�GJL�Gim�L�L�p]G X I�G'K _
GiB]m�G�� n«U K�C^�eB Ue\%¬ ��pD�HK�GA� � K�GJItE U L�C^�eB�!CuK X GJI�L Z I � G'N �h�
C^B1L�GiI n GiI�GiB]m�G'Kb® U B]N�BD�HC^K�G�¯H°

}± ¬«² ® ² ¯1³ ¬ ±�´7µ.³ ®�±�¶s·

� p]GPK<C^�eB Ue\�¬�¸�¹Sº CuK«L�p]G X It��N Z mrL�LtpDG UeVYXD\ CFL Z N�GP´ ¸ ¹
U B]N U K<C^�eB U L Z ItG«µ ¸!¹Oº�v%� pDG�CFB1LtGJI n GJItGJB]mJGiK�® ¸!¹Sº�\ C^G�C^B
UO� BD�4��BY» _ N�C V GJB]K�C^�eB Ue\ K ZD� K X]U m�G«� n7¹Sº L�p U L2CuK2K X¡U BDBDG'N
�h� L�p]GOmJ� \^ZDV B�EeG'mrLt�eI+K2� n LtpDG VYU L�ItC�j�¶ U B]N`¯ ¸!¹Sº ItG X�_
ItGiK�GJB1L+KQLtpDG U NDN�CFL�C^EeG � It� U N �]U B¡N!BD�eCuK�G vA¼s� K�GJItEhCFBD�`�L�pDG
X I�� �D\ G V CuK�L��½N�G'm�CuN�G!C n ´
C^KYG'¾ Z¡UW\ L����iGJIt���eI}N�CF¿)GiI�GiBHL
n It� V �JGiI�� v�� pDCuKbC^Kl�eBDGQ� n L�pDG X It� �D\ G V KlmJ�eB]K�CuN�GJItGiN�C^B À�R�Á v
~�G!m��HB]K<CuN�GiI�LtpDG�m U K<G���pDGJItG`L�pDG!K�CF�HB U L Z I�G�µ�C^K Z B X GiI _
n G'mrL \F��� BD�4��B v 8ÂL VYUÃ��� G`N�C�Ä�m ZD\ LAL��!� � L U CFB��eI VYUÃ��� G
X GJI�L Z I � GiNAN Z GbL�� Z B]m Ue\ C � I U LtGiN U I�I UÃ� KJÅ Z B]mJGJI�L U CFB1L � CFB�L�pDG
\ ��m Ue\ C^� U L�C^�eB�Å \ ��m Ue\ K�m U L�L�GJItC^BD�]ÅWGJLtm v�� p]C^K2m U K�G�p U K � GiGJB}� nÆ_
LtGJBYm��HB]K<CuN�GiI�G'N7Å4K<GiGOÀ a Å f Á U B]N�LtpDG«I�G n GJItGJB]mJGiK�L�p]GJItGJC^B v�� pDG
CuN�G U C^KQL���N�GiEeG \ � X I�� �DZ K<L UWXDX It� U m+pDGiK«�HIQLt��C^NDGJB1L�C no��¬ �eI
µ X ItCF�HI2L��AN�G�LtGimrLtCF�HB v ~�G � G \ CFGiEeG�Ltp U L�L�pDG V �hNDG \ �bG�mJ�eB _
K�CuN�GJIsCFB!LtpDCuKOmJ�eB1L�ItC �DZ L�C^�eB U B]N!��pDCum+p�CuKsNDGiKtm�ItC � GiN � G \ �4�
p U K�BDGJEHGJI � GiGJBAmJ�eB]K�CuN�GJItGiN v 8ÂL,CuK�K<� V GJpD�4��C^B � G�L:��GJGJB�L�pDG
L:��� UWXDX It� U m+pDGiK Ue\F\^Z N�G'N�Lt� UW� �4EeGSK<C^B]m�G���G � �eL�p�CuN�GJB1L�C no�
LtpDG�G�j U m�L Z B]NDGJI \F� C^BD� µ���pDC \ G Z K�CFB]� U It� �]Z K:L V ��N�G \ CFB]�
UeXDX It� U m+p v�� pDG n�U m�L�L�p U L��bG�mJ�eB]K�CuN�GJIYLtpDG!CFB1LtGJI n GJItGJB]mJG
K ZD� K X]U m�G�L�� � G X GiI n G'mrL \F�Ç� B]�4��BÇCuKY� n m�� Z ItK�G!K<� V GJpD�4�
ItGiK<L�ItCumrL�C^EeG U B]N Z K�CFBD��� Z I V ��N�G \ C^BD� UeXDX It� U m+pYCFL V CF�Hp1L � G
X �HKtK�C �D\ G�L���ItG V �4EeG`L�pDCuK U K�K ZDVYX L�C^�eB.Å noZ I�L�p]GJI}C^B1EHGiK<L�C^� UW_
LtCF�HB]K U ItG�BDGiGiN�G'N v 8ªB�K�GimrLtCF�HB g ÅÈ��GAN�GJÉ]BDGAL�pDG V ��N�G \ ��G
Z K<GHÅ4CFBYK<G'mrLtCF�HB a Å4��G«N�GJEHG \ � X LtpDG V}U j�C VAZDVÊ\ C � G \ CFpD�h��NPG'K _
LtC V}U L�GiK%L�p U L U ItG Z K�GiNAL�� �]Z C \ N�L�p]GQ�eGiBDGJI UW\ CF�iGiN \ C � G \ C^pD�h��N
I U LtCF��LtGiK<L�CFB!K�Gim�L�C^�eB f]v ;hC VAZD\uU L�C^�eB�ItGiK ZD\ LtK U I�G X ItGiK�GJB1L�G'N
C^B�K<G'mrL�C^�eB cA� G n �eItGS�bG�mJ�eB]m \FZ NDG�CFB!K�GimrLtCF�HB�Ë v
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~�G U ItG��eC^EeGiB!L:����Ó _ N�C V GJB]K�CF�HB UW\ � � K<GiI�E U LtCF�HB�EeG'mrLt�eI+KQ
U B]N�Ô U B]N`�bG U K�K ZDV GOL�p U L�L�pDG � K U L�CuK no�

Y±�´7µ ² ¶�· ² ¯H³ Ô�±�µ ²½Õ �:R'�
��pDGiI�G�¯ U B]N Õ`U I�G�CFB¡N�G X GJB]NDGJB1L�� UWZ K�K�C U BAÓ _ N�C V GJB]K�CF�HB UW\
X GJI�L Z I �]U L�C^�eB�EHGimrLt�eI+K���CFL�pÖmJ�4E U ItC U B]m�G V}U L�ItC^mJGiK�ItGiK X Gim _
LtCFEHG \^��×7ØJÙ º U B]N�Ú Øi×7ØiÙ º v2� pDGSEHGimrLt�eI�¶�·½I�G X I�G'K<GiB1LtKbL�pDGC^B1L�GJI n GJItGJB¡m�GiK�Ltp U L \ C^GPCFB�LtpDG�» _ N�C V GJB]K�CF�HB UW\ I U B]�eGS� n L�pDG
� BD�4��B ��Ó!³�»�� V}U L�ItCFjY¶ v2� pDG U �e�eItGJ� U LtGiN V}U L�ItCFj!À ¶ÛµDÁ
CuK U KtK ZDV GiN�Lt� � G noZ]\F\ mJ� \^ZDV BÇI U B � » ² R v ~�G U KtK ZDV G
» ² R�L�� � GOK V}Ue\F\ GJI%Ltp U B`Ó U B]NYC^B]N�GiGiN VAZ m+p�K V}UW\^\ GiI n �eI
LtpDG U m�L Z]Ue\ K<C^�eB Ue\ L��YBD�HC^K�GSI U L�C^�ALt� � G�BD�HB _ E U BDCuK<pDC^BD� v

~�Gb��C \^\HnoZ I<LtpDGJI U KtK Z]V GlL�p U L�Ú U B]N ×�U I�G � BD�4��B v,¼ BDG
mJ� ZD\ N�� n mJ� Z I+K�G U K�K ZDV G V �eItG�mJ� VYXD\ C^m U L�G'N �DZ L � BD�4��BYm�� _
E U ItC U B]mJG V}U L�ItC^mJGiK n �eIQ¯ U B]N Õ ��CFL�pD� Z LQ� U CFB]CFBD�YC^B`�HGJBDGiI _
Ue\ CFL �evl¼ BDG V}UÃ� I�G \^U j}L�pDG U KtK ZDVYX L�C^�eB`�eB × �DZ L�BD�eL��HB�Ú
� GJC^BD� � BD�4��B v =�K U�V}U L�L�GJI�� nln�U mrLPÚ�CuKSBD�WL�CuN�GJB1L�CFÉ Ue�D\ G
GiEeGJB Z B¡N�GJIlÜ�ÝWÅeC v G v ÅHL�p]G \ C � G \ C^pD�h��N noZ B]mrLtCF�HB�m U B � G V}U N�G
C^B�É]BDCFL�G �h��U�X It� X GJIsm+p]�eCum�GP� n Ú���pDGiB!L�p]C^K X]U I UWV GJL�GJI�C^K
U K�K ZDV GiN Z B � BD�4��B v
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k I�� V LtpDG V ��N�G \ NDGiKtm�ItC � GiN�C^BÖ�<R'� U B]N�LtpDG�NDC�¿ÈGJItGJB1L U K _
K ZDVYX L�C^�eB¡K«�bG V}U N�GHÅ�C�L n � \F\ �4�QKbL�p U L�L�pDG�¾ Z]U B1LtC�LtCFG'K�L�� � G
G'K:LtC V}U LtGiN U I�G�´%³b· U B]N�µ v%� pDG � �HCFB1L X I�� �]UW� C \ C�L � N�GiB]K<CFL �
noZ B¡mrL�C^�eB�� n  U B]N}ÔPCuK2G U K�C \^� N�G'N Z mJGiN n It� V L�pDG � �HCFB1LbNDGJB _
K�C�L � � n ¯ U B]N Õ ��pDC^m+p U I�GOCFB¡N�G X GJB]NDGJB1L�I U B]N�� V EeG'mrLt�eI+K v

� pDG�� XDX �HK�C�LtGQ� n L�pDG \ �H� _Â\ C � G \ C^pD�h��N noZ B¡mrL�C^�eB�� n L�pDG�K�G�L
ã )³�ÔDä`C^KAL�p]GJB�Å Z]X L�� U N]N�C�LtCFEHG U B]N V�Z]\ LtC XD\ Cum U LtCFEHG�mJ�eB _
K<L U BHL+KJÅ�G'¾ Z]UW\ Lt�

å �<æ �2± ºç
Ý
�oeè�é�´7µ)è�é�ê1ëè ·%� Ø ² R

Ú Ø ��ÔÃè7é�µ¡èÂ� Ø � g �

�HI�Gi¾ Z C^E Ue\ GiB1L \^� CFB V}U LtI�CFj n �HI V
å �o´%³Q·�³�µ)�b±?ì+Aé�´7µ�é�¶s·�ì Ø ² R

Ú Ø ìrÔSé�µ�ì Ø � a �
��pDGiI�G}Hè<³�µ)è<³�ÔÃè U I�G�LtpDG�C _ Ltp½m�� VYX �eBDGiB1LtK�� n LtpDG�mJ�eItI�G _
K X �HB]N�C^BD��EHGimrLt�eI+KJÅ�ê ëè CuK�LtpDG�C _ Ltp½It�4�Ñ� n ¶ U B]NÖìrµ�ì Ø ±
í è µ Øè C^KOLtpDG�K�¾ Z]U I�G�� n L�p]G�� Z m \ CuN�G U B�B]�eI V�v}� pDG V}U j _C V�ZDVî\ C � G \ C^pD�h�hN�GiK<L�C VYU L�G'K������.����� n ´%³�· U B]N�µ U ItG
� � L U CFBDG'N �h��V C^BDC V CF�iCFBD� å �:æï� vÐ� pDG V C^BDC V�ZDV ��CFL�pÖItG _
K X G'mrL�L����o� v I v L v ��·�CuK U L<L U C^BDGiN U L�ð·�±�¶sñ��oOé�´7µ)�%��p]GJItG
¶sñ¥±ò��¶ ë ¶O�+ó Ý ¶ ë C^K}L�pDG X K<G Z N�� _ C^B1EHGJI+K<G�� n ¶ v = n LtGJI
K ZD� K<L�CFL Z LtCF�HB��eBDG�p U K

V CFBô1õhö ìW� Ù é�¶�¶
ñ ����Aé�´7µ)�'ì Ø ² R

Ú Ø ìrÔSé�µ�ì Ø
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�.G�L Z K�BD�4� N�GJB]�WL�G} � ± ¶s¶�ñ% L�pDG X I�� � GimrLtCF�HB�� n ��HB
LtpDG!I U BD�HG`� n ¶ U B]N��� ±ò� Ù é�¶s¶�ñl�:�CFLtK}�HI<LtpD�e�H�eB Ue\
mJ� VYXD\ G V GJB1LQC^B ¹OºAv ~�G�N�GiBD�WLtGPK<C V C \uU I \^� µ � ³<µ���³�Ô � U B]N
Ô�� U B]N`I�Gi��I�CFL�GOLtpDG X ItGJEhCF� Z K V CFBDC V CF� U LtCF�HB U K
V CFB

ô1õ�ö���õ ö	� ìr � é�´7µ � ì Ø ² R
Ú Ø ìrÔ � é�µ � ì Ø ² R

Ú Ø ìrÔ � é�µ � ì Ø
� p]G V C^BDC V�ZDV � v I v L v µ � CuK U L�L U C^BDG'N n �HI!µ � ± Ô � K��
Ltp U L�LtpDG \uU K<L�L�GJI V E U B]C^K�pDGiK v �.G�L Z KSBD�4� C^BHLtI���N Z m�G�L�pDG
��Ó�Å Ó�é�»��Q�eI�L�pD�H�e�HB UW\�V}U L�ItC�j�
Ð��pDCum+p�CuKOK Z m+p!Ltp U LsL�pDG
X I�� � GimrLtCF�HB V}U L�ItC�j Ù é
¶s¶�ñ ±�

 ë v�¼ BDG�L�p]GJB�p U K
ìrµ��Qì Ø ± ì�

 ë µ%ì Ø ± ì�
 ë µ�ì Ø�U B]N�LtpDCuK�LtG \^\ K Z K}Ltp U L
µ��Çp U K«C^B]N�GiGiN��HB \F� Ó _ » N�GJ�HI�GiGiK«� n�n ItGJG'N�� V�vb� p]G V C^B _
C V CF� U LtCF�HB X It� �]\ G V m U B`BD�4� � G�ItGJ��ItCFL<L�GiB

V C^Bô1õ��ö ì���é�´��µ2ì Ø ² R
Ú Ø ì��Ô�é��µ�ì Ø

��p]GJItG��µß±�
 ë µ.Å��Ö±�
 ë  U B]N��Ô�±�
 ë Ô v�� pDCuK}C^K U
B]�eB _Â\ C^BDG U I.� X L�C V CF� U LtCF�HB X It� �D\ G V C^BP��pDCum+pP�eBDGbI�G'm��H�eBDC^�JG'K
U Lt�WL Ue\�_Â\ G U K<L _ Kt¾ Z¡U ItGiK�� � �,;D� X It� �D\ G V ��pD�HK�G�K<� \FZ L�C^�eB�C^K
� BD�4��B�L��!N�G X GJB¡N ZDX �eB U K<C^BD� Z]\^U IOE Ue\FZ GYN�G'm�� VYX �HK�C�LtCF�HB
� ;����S�YÀ c Å�ËDÅ �ÃÁ vY� � XDZ LPCFL�CFB1L��`L�p]G �¡U K�C^m � ��; n �eI V ��G
C^B1L�It��N Z m�G U�\uU K<L�m+p U B]�eGY� n BD�WL U LtCF�HB v ��GJL"!´�± Ú.´%Å#!Ô ±�Ô�$4Ú U B]N%!µ`±&�µ�$4Ú�Lt�}�eG�L

V C^B'ô1õ 'ö ì��Pé(!´)!µ2ì Ø ² ì�!ÔSé*!µ%ì Ø
K�G�L�L�C^BD��+�±,!ÔSé-!µ U B]N/.�±0��é*!´1!µ.ÅDCFL � Gim�� V GiK

V C^B'ô1õ 2Jõ 3 ì4+7ì Ø ² ì4.Dì Ø K ZD��� G'mrL�L��!��!Ô�é"+���!´ ±0��é5.
��p]C^m+p�m U B`C^B�L Z ItB � G�ItGJ��ItC�L�L�GiB U K

V C^B6 õ 'ô ì�7!ì Ø8 K ZD��� G'mrL�Lt� � ð9 é:7Y�#; !´
é�R"< ± d � f �

��CFL�p=7 ± À + .'Á U B]N ð9 ± À>!Ô �1Á U B]N ì�7!ì Ø8 ±
í è õ ? 7 Øè õ ? ±�L�I U m�G1�>7 ë 7Y��CuK�LtpDG�Kt¾ Z]U ItG}� n L�p]G k It� � GJB]C Z KB]�eI V � n 7 v�� p]C^Kb� X LtC V C^� U L�C^�eB X It� �]\ G VÐUeV � Z B1LtKlL���K<GiG �
LtpDG X GiI<L Z I �]U LtCF�HB@7 ��C�Ltp�K V}UW\^\ G'K:L k It� � GJB]C Z K«B]�eI V L�p U LiÅ
��p]GJB�K ZD� L�I U m�L�G'N n It� V ð9ÑV}UW� G'K«L�p]G V}U LtI�CFj 9 ± ð9 éA7
I U B � N�G�É¡mJCFGiB1L v�� pDG}K�� \^Z L�C^�eB�� n L�pDCuK X It� �D\ G V C^K � BD�4��B v
� p]GO� X L�C V}UW\ 7ÐCuK}ð¬CBED F ðG BED F ðH ëBED F LtpDGSI U B �1_ �HBDG VYU L�ItC�j U K _K���m�C U LtGiN!��CFL�p�L�pDG ¬ »�ê�I>I�¯ ¬CJ K<C^BD� ZD\^U I�LtI�C XD\ G�L�C^B LtpDG�;����
� n ð9�U B]NYLtpDG�E Ue\FZ G�� n L�p]G�� X L�C VYUe\ mJ�HK<LlC^KlL�p Z KAð¬ ØBED F v%� pDG� �.�
� n !´�± Ú�´�CuKOL�p]GJB�N�GiN Z m�G'N n It� V L�pDG}I U LtCF��� n L�pDG
L:���Ym�� VYX �eBDGiB1LtK«� n L�p]G gÃ_ N�C V GiB]K<C^�eB UW\ EeG'mrL��HIYðH BED F

ð !´!±Êé ðH BED F �<R'�ðH BED F � g � � c �

U B]N ð!µ�±K!ÔAéßð¬ BED F ðG BED F ðH ëBED F �:RÃ� v�¼ B]G�m U B � � L U CFB L�pDGYK<L U4_LtC^K<L�Cum Ue\%X It� X GJI�L�C^GiKO� n L�pDG'K<GYGiK<L�C V}U LtGiK �h� m�� V�X]Z L�C^BD��L�pDG
k CuK<p]GJI�C^B n �HI V}U LtCF�HB V}U L�ItCFj U B¡N!CFBhEHGJI�L�C^BD�}C�LYÀ LÃÁ �DZ L�L�p]G �
U I�G�C^B]N�GiGiN�G U K�CFGiI�L���� � L U CFB n It� V É]I+K:Ls�eI+N�GJI V}U L�ItC�j X GiI _
L Z I �]U LtCF�HB U B UW\^� K�CuK`À MDÅE�DÅ«R d Á v ~�G!N���BD�eL X GJI n �eI V L�p]C^K
U B UW\^� K<CuK«ItCF�HpHLsBD�4��ÅD��G X �1K:L X �HBDGPCFLQL��`K<G'mrL�C^�eB f¡v a ��p]GJItG
��G}�eB \F� N�GJEHG \ � X L�p]G X]U I�LtKPL�p U L U ItG Z K�G noZD\ln �eIA� Z I X]Z I _
X �HK�G v
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CuK U I U B]N�� V E U ItC Ue�D\ G���C�Ltp V G U B�Ó?é�»Êé�R U B]NYE U I�C U B]mJG
g ��Ó¥é�» éÇRÃ���<R ² Ú��i´��Ã� $D�:R ² Ú Ø ´ Ø � ØWv

T � V�� C^BDC^BD��L�pDG'K<GSL:��� X]U I�L�C UW\ ItGiK ZD\ LtK U B]N`L UW� C^BD�YCFB1Lt�
U mJmJ� Z B1L�L�pDGsN�G X GJB]NDGJB]m � G�j�CuK:LtCFB]� � GJL:�bGiGJB�L�pDG V ÅH�HBDG�p U K
Ltp U LlL�pDG�NDC^K<L�ItC �]Z L�C^�eBY� n hs�oÈ³2ÔSi Ü�Ý�� U N V C�L+K%BD� U B UW\^� L�Cum Ue\
GJj X I�G'K�K�C^�eB�Å2CFL�CuK U I U B¡N�� V E U ItC UW�D\ G���C�Ltp V G U B
R ²��]Ø
��CFL�p �¡Ø ± ô�78 7 µ ë 

 ë µ U B]N�E U ItC U B]m�GH°g �:R ²Çg��¡Ø � ²½f ��Ó é�» é�R'�J��Ú Ø ´ Ø � $��<R ² Ú Ø ´ Ø � ØHv
8ÂL+K V G U B�CuK«L�pDGS�HBDGS� n%U 4 Ø Ý � �]Ø ��I U B]N�� V E U I�C UW�]\ G �DZ LQCFLtK
E U I�C U B]mJGQCuK \uU It�eGiI �h�}f ��Ó é!» é�R'����Ú Ø ´ Ø � $��<R ² Ú Ø ´ Ø � Ø U
LtGJI V L�p U LQE U BDCuK�pDGiK«��CFL�p!Ú v

��£ y ¤ Ï?©`ÒbwOz ¤ § ¦ {�Î�y�©�ÒÈzAy
��£�¢ zOQP bCP�dCb wQU	`��[P�\Qz|U	P
8ªB�K ZDVYVYU I � ÅhL��YLtGiK<L � GJL:�bGiGJB

Ü e ° }±�¶�· ² ¯HÅ Ô�±�µ ²½Õ
Ü�ÝÃ° }±�´7µ ² ¶�· ² ¯1Å Ô�±�µ ²½Õ%v

C v G v Å U K<C VYXD\ G�p �hX �WL�p]GiK�C^KYÜ e Åb´ß± d EeGJI+K Z K U mJ� VYX �1K _
CFL�GYL:��� _ K�C^N�G'N Ue\ LtGJItB U LtCFEHG�´ g± d Å��bG X It� X �HK�G�L�� Z K�GYL�pDG
\ �e� U ItC�Ltp V C^mS�S�.9
��pDCum+p�C^K��HCFEHGJB �h�

h���)³�Ôh�%± R
× Ø ã hëb� Ù é�¶s¶ ñ �ª�é ¬ ØBED F � ð9 �+ä

��p]GJItG ¬CBED F � ð9 ��CuK«LtpDGPK V}Ue\F\ GiK<LQK<C^BD� Z]\^U I�E Ue\FZ G�� n
ð9 ±ßÀY!Ô �}ÁÈ±?� Ù é�¶s¶ ñ �SÀ ÔÚ 1Á

~�G�p U EeGlK�pD�4��B�Ltp U LEh���È³�Ôh����pDCum+pPCuK X �1K<CFL�C^EeGb��C�Ltp X It� �D_
Ue� C \ CFL � �HBDGeÅÃCuK U K �hVYX L��eL�Cum Ue\F\^� m \ �1K<G2L��smJGJB1L�I UW\ m+pDC _ Kt¾ Z¡U ItGiN
I U B¡N�� V E U ItC UW�D\ GY��C�Ltp��HBDG}N�GJ�HI�GiGA� nbn ItGJG'N�� V Z B]N�GiI�Ü e
U B]N L�p U L Z B]N�GJIPÜ�Ý�CFLPC^K�m \ �1K<GAL�� U m+pDC _ Kt¾ Z]U ItGiN!I U B¡N�� V
E U I�C UW�D\ GP��CFL�p��eBDG�N�GJ�HI�GiGP� n%n ItGJG'N�� V U B¡N!BD�eB _ mJGJB1L�I UW\ C�L �
X¡U I UWV G�LtGJI

� Ø ± ´ Ø
× Ø µ ë � Ù é�¶s¶ ñ �:µ

��CFL�p�pD�4��GJEHGJI U�\uU It�eGJI}E U I�C U B]mJG v ~�G!L�p Z K�N�GimJC^N�G�Ltp U L
ÜfeACuKOL�I Z GY��pDGJB:h���È³SÔh���(p U B]N L�p U L�Ü Ý pD� \ NDKS��pDGiBhs�oÈ³QÔh�
	 p���pDGJItG�L�p]G�L�pDItGiK�pD� \ N p�C^K�ÉDj�GiN�L�� U m+pDC^GJEHG U
�HCFEHGJB n�UW\ K<G Ue\^U I V X It� �¡UW� C \ CFL �r 8|s ±ÊR�é5r . ã 4 Ø Ý � d ����p¡ä1æ �<R g �
� p]G X It� �]Ue� C \ CFL � � n N�GJL�Gim�L�C^�eB�CuK�LtpDGJB�NDC�Ä�m Z]\ LbL��Pm�� VYXDZ L�G
�]Z LQN�G X GJB]N]K ZDX �eB�´�L�It� Z �ep �¡Ø ��pDCum+p�m U B � GPK�GJGiB U K U B
; 
�9 vD� pDGSBD�eL U L�C^�eB@r . ã 4 Ø Ý � �¡Ø ���%p)ä�NDGJBD�eL�GiK�LtpDG X It� �]UW_
� C \ C�L � Ltp U L U 4 Ø Ý ��CFL�p`BD�eB _ mJGJB1L�I UW\ C�L ��X]U I UeV GJL�GiI �¡Ø CuK \ G'K�KLtp U B p v
��£uÌ {oP���P�X�~P�Uo`~w P�U	V�bCX>T R �yO V�UyV � bCP�U	XYdCbCX��[d
� p]GAItGimJGJC^EeGJIO� X GJI U LtCFB]��m+p U I U mrLtGJItC^K<L�CumJKA��9 ¼�T�� K+� n �eIOL�p]C^K
NDG�L�G'mrLt�eI U I�G X ItGiK�GJB1L�G'NYCFB k C^� Z ItGPR v � pDG �AU ItG«� � L U C^BDGiN �h�
K�C V�ZD\uU LtCF�HB]K v`k �eI c NDC�¿ÈGJItGJB1L X It� �¡UW� C \ CFL � � nbn�Ue\ K�G UW\uU I V�_
K��Yr 8 s �S�bG}ItG X I�G'K<GiBHLSLtpDG X It� �]Ue� C \ CFL � � n N�GJL�Gim�L�C^�eB U K U
noZ B]mrLtCF�HB�� n LtpDG�;&
�9s± ô�78 7 µ ë � Ù é�¶s¶�ñl�:µ v2� pDG�L�pDItGiK�pD� \ NDKU I�G�� � L U C^BDG'N Z K�C^BD��I�G \^U L�C^�eB��:R g � U B]NÇ�bG�p U EHG!m+pDGim � GiN
Ltp U L U K�K<�h�HB U K�m��eB¡N�C�LtCF�HB��<ReRÃ�OC^K�K U LtC^K<É]GiN�LtpDGJItG U ItG�B]�
NDC^Ktm�ItG X]U B]m�C^GiK � GJL:�bGiGJBÊLtpDG�G�j X G'mrLtGiNur 8 s � K U B]N�L�p]�HK�G
� � K�GJItEeGiN½�eB�L�pDG!K�C VAZD\uU L�C^�eB¡K v 8ªB�G U m+p�m U K<G���G noZ I<LtpDGJI
mJ�eB]K�CuN�GJI f NDC�¿ÈGJItGJB1L�E UW\^Z G'K�� n Ú Ø Å�B UeV G \^� Ú Ø Gi¾ Z]Ue\ Lt�
d ³AR	$ f ³�Ry$ g�U B]N�R v 9�G V G V�� GJI n It� V �<R'��L�p U LPÚ Ø CuKOL�pDG
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k C^� Z ItG g °`9 ¼�TÑn �HI�� n�U G'¾ Z]UW\ L���R d ó k n �HI l�±"R�Lt� c
U B]NYÚ Ø ±ÊRy$ g�v 8ªB}G U m+p X]U C^I%� n m Z I�EHGiKi° X It� X �HK�GiN�N�G�LtGim�L��eI
��K<� \ CuN \ C^BDG'� U B]N�K:L U B]N U ItN�N�GJL�Gim�L��HIP� _��'_Â\ C^BDG'� v

I U LtCF� � G�L:��GJGJBÇL�p]G!E U I�C U B¡m�G�� n LtpDG!BD�HC^K�G Õ Ltp U L U ¿ÈGim�LtK
LtpDG�K�CF�HB U L Z I�G U B]N�LtpDGPE U ItC U B]mJGO� n LtpDG�BD�HC^K�GP¯ X ItGiK�GJB1LQC^B
LtpDG�� � K<GiI�E U L�C^�eB]K v!k �eIAÚ Ø ± d Å,�bG U I�G�CFB���p U LA��G���C \F\
m UW\^\ LtpDGOK<L U B]N U ItN}m U K�G�m��HB]K<CuN�GiI�G'NYCFB�À�RrÁ v 8ªB}LtpDC^K«m U K�GQ� Z I
N�GJL�G'mrL��HI�p U K X GJI n �eI V}U B]mJG}K<C V C \uU IOL���LtpDGY�eBDG�NDGJEeG \ � X G'N
C^BÖÀFR�Á v kDZ I�L�p]GJI�CFBhEeG'K:LtCF� U LtCF�HB]K U ItG�BDG'm�G'K�K U I � Lt� U B Ue\F� �iG
LtpDC^K X �HCFB1L vÖ¼ BDG!K�GJG'KYCFB k CF� Z I�G�R�L�p U LYL�pDG X I�� �]UW� C \ C�L �
� n N�G�LtGim�L�C^�eB U ItG�GiKtK�GJB1L�C UW\^\F� C^B]N�G X GiB]N�GJB1L�� n L�pDG�E UW\^Z GA� n
Ú Ø ÅeL�pDG n � Z I2m Z I�EHGiK U I�G Ue\FV �HK<L%CFB¡N�C^K<L�C^BD� Z C^K�p Ue�D\ G n �HI2G U m+p
E UW\^Z G�� n r 8 s v

8ªB k C^� Z ItG g Å4�bG�m�� V�X¡U ItG n �eI�L�pDG«K UWV G c E Ue\FZ GiK�� n r 8 s
U B]N�L�p]GAK UWV GPI U BD�HG�� n ;&
s9 � KiÅ)L�pDG X It� �]Ue� C \ CFL � � n NDG�L�G'm _
LtCF�HB��YrQt��S� n � Z IAN�GJL�G'mrL��HI U B¡N�L�pDGorQtÐ� n LtpDG�K<L U B¡N U I+N
N�GJL�G'mrL��HI`ÀFR�Á n �eIAÚ Ø ± R	$ g�v ¼ BDG`K<GiGiK�Ltp U L�� Z I�N�G�LtGim�L��eI
� Z L X GJI n �eI V K.K \ C^�ep1L \^� L�pDG�K:L U B]N U ItN�NDG�L�G'mrLt�eI v�� pDCuK�CuK�¾ Z CFL�G
B U L Z I UW\ K�C^B]m�GS� Z IQN�G�LtGimrLt�eI�CuK�N�GiK�C^�eBDG'N n �HI«L�pDG V ��N�G \ �:R'�
��G�K�C VAZD\^U L�G'N}��pDC \ G�L�pDGOK:L U B]N U ItN}NDG�L�G'mrLt�eIlCuK2� X L�C V}UW\ �eB _
\^� C n Ú Ø ± dDv%� pDG \ �1K�KbCFB r t C^K�¾ Z C�LtGOK V}UW\^\�v%� �AmJ� VYXD\ G�L�G
LtpDG X CumrL Z ItGP�bG X I�G'K<GiB1L�CFB k C^� Z ItG a ÅDL�p]G r t � n L�pDG�K:L U B _
N U ItN�N�G�LtGimrLt�eISÀ�RJÁ n �HI a E UW\^Z GiKb� n r 8 s U B]N}LtpDG f N�CF¿)GiI�GiBHL
E UW\^Z G'K«� n Ú Ø Å�B UWV G \^� Ú Ø Gi¾ Z]UW\ Lt� d ³sR	$ f ³sR	$ gPU B]N�R v =�K
Ú Ø C^B]m�ItG U K<G'KJÅWL�pDG X GJI n �eI V}U B]mJGQN�GJ�HI U N�GiK�C^B U ItGJ� Z]\^U I%� UÃ�
��pDCum+p�C^K U � U CFB�¾ Z C�LtG U K«G�j X Gim�L�GiN v

� !��"� ��� �6��� ��� ��������� ��� � �� ���!#"�$ ���&% �'$(� �����) ����$� ���	�"�*%
+-,�,/. #0� !�"� )%6# 1��� =�2� �,��# �3"�$ ���$#%!�� �24�5&��# ��6�" �� ���� �"� ��� ��� �	#0 
����$ #�%6# ����4

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



0 2 4 6 8 10 12 14 16 18
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR in dB

De
te

ct
io

n 
Pr

ob
ab

ili
ty

Pfa=10−1

Pfa=10−5Pfa=10−3

k C^� Z ItG a °�9 ¼�T�n �eI a N�C�¿ÈGJItGJB1L � n�UQn �HI2K:L U B]N U ItN UWXDX I�� U m+p
U B]N�Ú Ø ± d ³SRy$ f ³SRy$ g ³OR v

��£ |Y§ ¦ |AÒl©!y ¤ § ¦ y
~�G�p U EeG X I�� X �1K<G'N U BDGi�ßN�G�LtGim�L�C^�eB X I�� �D\ G V U B]N�NDGJEeG \�_
� X G'N�LtpDG U KtK��hmJC U L�G'N
�S��9 �Svs� pDG½m��HBHLtI�C �DZ LtCF�HB
m U B � G
EhC^GJ��GiN U K U B�G�jhLtGJB]K�CF�HB!� n �eB]GP� n L�p]G V}U Ltm+p]GiN!K ZD� K X]U mJG
NDG�L�G'mrLt�eI+K�� n ÀFR�Á v ~�G�p U EHGb�HB \F� m��eB¡K<CuN�GJItGiNPL�pDGQm U K�Gb��p]GJItG
LtpDG�B]�eCuK<GOm��4E U ItC U B]m�G VYU L�ItC^mJGiK U ItG � BD�4��B U B]N noZ I�L�pDGiI«CFB _
EHGiK<L�C^� U L�C^�eB]K U ItG!BDGiGiN�G'N�Lt�½ItG V �4EeG��eIYLt� UW\^\ GJEhC U L�G�L�p]C^K
U K�K ZDVYX LtCF�HB v�¼ BDG�m U B½BD�WLtG�Ltp U LAL�pDG X ItGiK�GJB]mJG�� n CFB1L�GiI _
n GiI�GiB]m�G'KOC^KSG U K�C \^� L Ue� GJB�m U I�G�� n«U B]N U m�L Z]Ue\F\^� C^BHLtI���N Z m�GiK
B]� U NDNDC�LtCF�HB UW\ N�CFÄ}m ZD\ L �ev =QBD�eL�pDGiIAC VYX �HI<L U B1L�CuK�K Z G�Ltp U L
ItGi¾ Z C^ItGiK noZ I�L�p]GJI U B UW\^� K<CuKPmJ�eB]mJGJItB]KSL�p]G�CFB �]Z GJB¡m�G��HB�L�pDG
X GJI n �eI V}U B]mJGP� n�U ��It�eBD��m+p]�eCum�G�� n Ú v ~�p U LOp UWXDX GJB]KsLt�
LtpDG X GiI n �HI V}U B]m�G�� n LtpDG X It� X �HK�GiN�N�G�LtGimrLt�eIS��pDGiB���G U K _
K ZDV G�L�pDG X I�G'K<GiB]m�G�� n BD�eCuK�G��HBÇµ���CFL�p U �eC^EeGiB \ GJEHG \ Ú
��p]C \ GSµ!C^K X GJI n Gim�L \^��� BD�4��B U B]N�L�pDGPK<L U B]N U ItN�L�GiK<LQ��� ZD\ N
� G�� X LtC V}UW\�� ;hC V�Z]\^U L�C^�eB]K`�bG X GJI n �eI V G'N�C^B]N�Cum U LtG Ltp U L
LtpDGJItG}CuK�BD� \ �HKtKSCFB X GJI n �eI VYU B]m�G �DZ LPL�pDCuKPItG V}U CFB]KOLt� � G
G'K:L UW�D\ CuK<pDG'N�LtpDGJ�HI�GJL�Cum Ue\F\^�ev

{�Î���ÎO{�Î ¦ |�Î�y
À�RJÁ�� v � v ;�m+p U I n)U B]NY[ vWk ItCFG'N \uU B]N�GiIiÅ���� U Ltm+pDG'N�K ZD� K X]U mJG
NDG�L�G'mrLt�eI+K	�]Å�
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� ����# � ���$#%!��(�'� % ��# � � � �� �#%� � ���2��$ ����# � v =sNDN�CuK<�HB!~�G'K _
\ G � Å7RC���DR v

À a Á ��v � v�� ItGJG'KJÅ�� � �$# �3"&� �� / =�6���� =! ��� � ��#0� 6 v 
 v �Av Å7~�C _
\ G � Å gWdHdHgDv

À f Á ¼Av [�GiKtK<�HB U B]N k�v �sCFB]mJGJB1LiÅ��*��GJI n �eI VYU B]m�G U B UW\^� K�CuK
� n)� G UeV�n �eI V GiItK Z K<C^BD���eGiBDGJI UW\ C^�JGiN \ � U N�C^BD�S� n L�p]GQm�� _
E U I�C U B]mJG V}U LtI�CFj��DÅ�
	����� 5  =��� �24�� # 6�� �'$��� �!9� � ����#0� 6WÅ
EH� \ v]cWa Å g Å XDX�v]f1ceg4_ fhc �]Å k G ��v¡geded1c�v

À c ÁP� v �Pv �O� \^ZD��U B]N Tsv k�v � U B���� U B�Å���=�B U B UW\^� K<CuK�� n
LtpDG�Lt�WL Ue\�\ G U K<LQK�¾ Z]U I�G'K X It� �D\ G V Å ����
	 �!#"�4 � "&�5�� �4 ��2��$ 4^Å]Ee� \ v RyL�ÅDËDÅ�M�M a4_ M[� a Å)RC��M dDv

À ËWÁ�� v ��Gi��C \ N�G U B¡N�� v k�v �sG X I�GJL<L�GiI�GHÅ��+;hC^BD� ZD\uU If� Ue\FZ G�sGimJ� VYX �HK�C�LtCF�HB�° U B`C^B1L�It�hN Z mrLtCF�HB��$�&%�'���� %(� # 6�� �'$�� =!9� � � � #0� 6 XDX.v]a4_Âf RHÅ�
��eI�L�p _ � � \F\uU B]N�Å7RC�[M�M v
À LÃÁ�� v )¡v � \ GiK�GJI'Å*���bK:LtC V}U LtCF�HBSCFB UQV�ZD\ L�C^E U ItC U L�G+��GJItI��HItK)C^B
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